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SUMMARY 
1. Soil samples (0-10 cm) were collected at 4-week interval4 for 56 weeks 
from 48 woods in and around the English Lake District, , lo s- 
orignition, moisture content, oxygen uptake, and k $ s e  1.d 
phosphatase activities were measured. 
I 
between soil samples. I 
1 2. Expressing results on a loss-on-ignition basis was more infomat ve 
than on an oven-dry basis, because of differences in 104s-on-ignition 
3. In a principal component analysis of each property over 
the b4 samplings, the first component values represent "smoothed" betwe n- 
plot differences, other components pick out plots which behave 
differently from the majority at certain times. Thefe was lit le 
within-plot variation in pH and loss-on-ignition. r 
4. On a loss-on-ignition basis, the only significant correl lx tions betw h en 
first component values, and between plot means, were sphatase with 
oxygen uptake and cellulase with pH. 
significantly correlated with any of the other P" ' 
I 
5. None of the principal component analyses showed any edidence of he 
existence of distinct clusters of plots; the plots formed a continu us 
studied. 
k 
series, with some outliers, with respect to all t e propert es I 
6 .  
- A priori groups, based on (i) pH ~3.8, (ii) pH 3.8-5.0, kiii) pH 
showed no significant difference in moisture content on a 
ignition basis. However, oxygen uptake was significa tly lower in 
(i) than in (ii). Cellulase activity was significan ly greater in 7 
(iii) than in (i) and (ii). Phosphatase activitiy was significan ly 
to 5.0. 
t 
lower in (i) than in (ii), and there appeared to be a peak at pH 3.8 
I I 
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Soil biologists often wish to make comparisons both within and between 
different soil-vegetation types. Such comparisons may be made for a 
variety of purposes, but the soils are usually regarded as systems which 
differ biologically, physiologically, and chemically. One problem in such 
studies has been the comparison of soils with respect to processes or 
variables which show marked fluctuations in amplitude with time. This 
paper describes work on a range of woodland soils in north-west England, 
and shows how such data may be handled. 
2. METHODS 
2.1 Description of the area and sampling methods 
The English Lake District proper is composed of rocks of the Ordovician 
(Borrowdale Volcanics, Skiddaw Slates, Coniston Limestone) and Silurian 
(flags, slates, grits, shales) systems of the Lower Palaeozoic group. 
Around them is a roughly circular girdle of newer strata, partly of 
Carboniferous age (Basement Conglomerate and Carboniferous Limestone) and 
partly belonging to still newer deposits of the Permian and Triassic 
systems. The area is covered by a variable thickness of drift of local 
origin, which on the plots sampled (Figure 1) rarely exceeded 1 m depth, 
and was mostly much less. Apart from those on the limestones, the soils 
are mostly acidic, but less so if they are locally influenced by the 
presence of calcite (Borrowdale Volcanics) or calcareous bands (Silurian). 
In the central Lake District, the annual rainfall exceeds 3810 mm (150 
in), falling to about 1143 mm (45 in) at the periphery (Pearsall and 
Pennington 1973). 
Forty-eight woods in and around the Lake District were selected, one from 
each of forty-seven groups resulting from an association analysis of two 
hundred woods in the area (Bunce 1969) plus Heathop Wood IBP site. These 
woods thus represent the range of diversity of semi-natural (in the sense 
of Westhoff 1970) woodland vegetation in the area. Six of the woods were 
on limestone. Each of the woods was visited once every four weeks, ie 
twelve woods were sampled each week. Samples were collected for fourteen 
of these four-weekly periods (see Appendix 1 to 3). 
Within each wood, a plot was selected at random and a permanedt marker 
placed to locate a 1.6 m x 1.6 m sampling grid. At each sampling, a 
'numbered sampling square (20 cm x 20 cm) was selected rando41y, the sa* 
number being used for each wood. Samples were collected froq the L, LIF. 
and H layers, and from the 0 to 5 cm depth in the A horizon;i the organic 
layers did not occur in all profiles. Tubes of buffered suc ose solution 
'for estimation of mean soil reaperature (Bocock u, lWf, 1977) weje 
placed on and below the L or L/F layer and at 5 cm depth in The A horizon 
in a permanent square. These tubes were changed at each sampiing. 1 
2.2 Laboratory methods 1 1 
In the laboratory, litter and L/F material was shredded andl the soil wbs 
passed, in the fresh moist state, through a 4 mm sieve. Su samples were 
used for the following measurements: t' i 
pH was measured with a glass electrode, adding the minimud quantity bf 
distilled water to the material. With soil, this meant addihg sufficient 
water to make a thick paste. 1 
Loss-on-ignition (LOI) of the oven dry material was determ ned at 5501"~ 




Hoisture content was determined by oven drying for 40 hours qt 105O~ (OD) 
I I 
Oxygen uptake was measured in a Gilson respirometer (Umbrei et 1964) 
using specially-designed flasks (Howard 1968) with a bath t 1 mperature of 
15°C. This temperature was chosen because it is approximatePy the summer 
mean soil surface temperature, and because we found it to A e the low e. st 
practicable temperature for cellulase measurements. i 
Cellulase was determined by the method of Benefield (1971). The soil was 
buffered at its own pH, and the buffer solution contained a dual1 quantdty 
of penicillin to inhibit microbial growth during the 48 
at 15°C. Three samples of each soil were incubated, 
blank, and the mean of the adjusted test values was taken. i 
I I 
Phosphatase: A slightly modified version of the method of qffman (1967) 
was used. The soil was incubated for three hours at 13"C Lith disodilum 
phenylorthophosphate reagent, buffer (at the soil pH), and Foluene. The 
phenol released from the reagent by phosphatase was determided 
calorimetrically by complexing with dibromoquinonechlorimide. 
I 
Dehydrogenase was determined by a method similar to that of Lenhard 
(1956), but examination of the results, and further detailed studies, 
threw doubt on the validity of the method (Benefield et a1 1977). These 
results will not be considered further. 
2.3 Statistical methods 
PC.4 is a method of displaying relationships among multivariate data (Rao 
1964; Hope 1963; Seal 1968). Initially, the objects are referred to a set 
of axes which represent the original variables. By a linear 
transformation each object is referred to a new set of axes, or 
components, which are orthogonal (uncorrelated). The first component is 
the axis of maximum variability and successive components are axes of 
diminishing variability. In effecting this transformation, the 
eigenvalues (latent roots) and eigenvectors (latent vectors) of the 
correlation matrix are calculated. It can be shown that the sum of the 
variances of the original variates is retained in the sum of the 
eigenvalues, and each eigenvalue gives the proportion of the total 
variance accounted for by the corresponding component. Since the sum of 
the eigenvalues also equals the trace of the matrix, which for a 
correlation matrix equals the number of variables, the percentage of the 
total variability accounted for by each component is given by expressing 
its eigenvalue as a percentage of the number of variables. 
Associated with each eigenvalue is an eigenvector. These vectors may be 
represented in various forms (Hope 1968). In our case they are normalized 
so that the sum of squares of the elements of each e,igenvector is unity. 
Each eigenvector element corresponds to one of the original variables. By 
squaring the appropriate element, we can obtain the proportion of a 
component's variance which is accounted for by a particular variable. The 
component value for each individual is calculated by multiplying the 
appropriate column eigenvector by the row vector of the standardized data, 
obtained by subtracting the variable mean from each value and dividing by 
its standard deviation. 
It is necessary to decide on the number of components which have any 
practical importance. Jeffers (1967) found that, in practice, only those 
components with eigenvalues of unity or greater are likely to have any 
practical importance, but it should be noted that this ie only ani 
approximate guide and the next one or two components should also be 
examined. A detailed consideration of the information condeyed by a 
component is needed to establish its practical value. We ,,have used 
i 
Je'ffers' rule of thumb in the present study. ~nterpretatdon of the 1 
eigenvector weightings may then be attempted fairly simply by vnsidering 
those variables whose absolute weightings are greater than 0.75 times that 1 
of the largest (absolute) eigenvector element, although this: arbitrary 
value should not be overstressed (Jeffers 1967). If both pdsitive and1 
negative weightings are 'significant' in an eigenvector, this 
cdntrast between the corresponding variables. In the interpre 
PCA, it can be useful to have a printout of the standardized da a. T I I 
Principal component analysis of a covariance or correlat on t rdquires the original data to be on interval or ratio scales. Disordered 
multistate data, such as are obtained by allocating 
observations such as absent, rare, common, abundant 
1980) are not suitable. If all the data are binary, 
and cross-products matrix should be analyzed. Here 
measured on ratio scales. I ! 
Single-linkage cluster analysis (Gower & Ross 1969) was used to explore 
the relationships aung the points in the space of the first fe? principal' 
components. This clustering method was chosen because, unlike 
t h o d s  it does not tend to impose a structure on the 
therefore a useful method for exploratory work. It will 
distinct groups of points if they exist. 
I 
I I 
The correlation coefficients between component values and between plot 
means of the different data groups were calculated. I I 
A two-way analysis of variance was carried out on the data for each 
variable, the two factors being plots (48 levels) and sampling times (14 
levels). Bartlett's test for homogeneity of variances was appljed, but it 1 
is known to be sensitive to non-normality, so Scheffe's test, which is 
relatively insensitive to departure from normality, was also cakried out. 1 
Where necessary, variance-stabilizing transformations werg sought. 
However, two-way Anova is fairly robust to heterogeneity of 1 variances 1 
provided that there are no missing values. 
i I 
One-way analysis of variance and Tukey's Honestly Significant Difference 
(of pairs of means) were also used to test a priori divisions of the 
- 
observations (Section 3.8). 
3. RESULTS 
L, L/F, and H layers were not present in all samplings, so the data were 
analysed separately. This paper presents the results for the 0 to 5 cm 
depth mineral soil samples. 
A preliminary examination was made of the nature of the variation 
expressed in the data. The purposes of this were: 
(a) to determine the dimensionality of the data; 
(b) to explore the interrelationships between the dimensions; 
(c) to eliminate the variables which contribute little or nothing to 
the study (cf Fourt et a1 1971). 
The first step was a principal component analysis (PCA) of the data for 
pH, LOI, moisture content, oxygen uptake, and cellulase and phosphatase 
activities, separately, with the 14 sampling periods treated as variables. 
If the elements of the first eigenvector are all equal and of the same 
sign, then each element will have the value 0.2673. This is so because 
the sum of the squared eigenvector elements is unity and there are 14 of 
them. Each element will be the square root of 1/14. The component values 
are obtained by multiplying each standardized data value by the 
corresponding eigenvector element and summing over all 14 sampling 
periods. If all the first eigenvector elements are equal and of the same 
sign, all samplings contribute equally to the first component values, and 
the latter will be proportional to the means of the 14 samplings. In 
other words, the first component values will represent the order of the 
woods with respect to the property concerned taken over the 14 samplings. 
If the first eigenvector elements are of the same sign, but some are 
smaller than 0.2673 and some are larger, the relative contributions of the 
samplings will be different, and the first component value will no longer 
be directly proportional to the simple mean value, but to a weighted 
mean. The components are orthogonal partitions of the total variance. 
The square of an element of an orthonormal eigenvector gives the 
proportion of the variance in a component accounted for by the 
corresponding variable, in this case the sampling. If some eigenvector 
elements are smaller than 0.2673, the corresponding samplin s will ha e f 
less of their variance expressed in the first component land more n 1 
others. Conversely, if some elements are larger than 0.2 f 73, more f 




3.1 Individual PCA's of pH, loss-on-ignition, moist9 c0ntenf9 
oxygen uptake, cellulase and phosphatase data. 
pH: There is little variation either within or between sqmplings, the 
coefficients of variation within samplings ranging from 16 iercent to lo 
percent and the mean pH ranging from 4.19 to 4.33. Thq correlation 
coefficients between samplings are all greater than 0.75, and many a e 
greater than 0.9 (p <O.OOl). 
F 
Only the first component is of practical importance, accoqnting for 92 
I 
percent of the total variance. The eigenvector elements aAe all of the 
same sign and have very similar values, showing that the fourteen 
samplings contribute almost equally to the variance expressed] in the fir/st 
component. The first component values (Figure 2)  represent the relative 
positions of the plots with respect to pH, the greatest positlive componebt 
value representing the plot with the greatest pH, and vicd-versa. The 
I 
other possible source of variation is time of sampling, whihh includes a 
small amount of spatial variation within the sampling qpadrat. The 
absence of other components of practical importance slggests t&t 
either - 
(a) there is no variation of the property with time, or I 
I 
I I 
(b) there is variation with time, but all the plots var in the sape 




We expected (a) to be true, as Frankland et a1 (1963) found 
monthly differences in pH, loss-on-ignition, and certain che 
could not be detected against the spatial variability. Insp ction of 
'Tr data showed very little variation of pH values within plotat) and two-uay 
analysis of variance showed that 91 per cent of the varianc 
plots and less than one per cent was between samplings. 
Loss-on-ignition: The coefficients of variation within samplings range 
from 40 percent to 59 percent and the mean loss-on-ignition between 
samplings from 26 percent to 32 percent. Correlation coefficients between 
samplings range from 0.57 to 0.89 (p < 0.001). Only the first component 
is of practical importance, accounting for 77 percent of the total 
variance. The eigenvector elements all have very similar positive values, 
showing that the 14 samplings contribute almost equally to the variance 
expressed in the first component. Here, too, we expected that we would 
not detect any significant variation in loss-on-ignition between 
samplings. 
Xoisture content: The coefficients of variation within samplings for 
moisture content (OD basis) range from 47 percent (sampling 6) to 70 
percent (sampling 2) and the mean moisture contents between samplings from 
106 percent to 139 percent. Correlation coefficients between samplings 
range from 0.54 to 0.89 (p < 0.001). 
On an OD basis, the first two components, accounting for 82 percent of the 
total variance, are of practical importance. The eigenvector elements for 
the first component (which accounts for 75 percent of the total variance) 
all have similar values with the same sign, and the first component values 
(Figure 3) represent the relative moisture contents of the plots. The 
eigenvector for the second component contrasts samplings 2 and 3 with 
sampling 11, showing that this component has discriminating power based on 
those samplings. Examination of the component plot (Figure 3) shows that 
plots 28 and 24 had the greatest positive and negative second component 
values respectively. The original and standardized data show that the 
moisture contents of these plots exhibited linear trends, plot 28 
decreasing, and plot 24 increasing, with time. In samplings 2 and 3, the 
difference between the plots was maximum, whereas at sampling 11 there was 
little difference. 
The two wettest plots (24 and 27), which were usually so wet that the 
soils could be poured from the polythene bags, did not have the greatest 
moisture contents on OD basis. This was attributed to their low organic 
matter contents. The moisture contents were therefore divided by the 
loss-on-ignition values to give what Crump (1913) called the coefficient 
of humidity. The coefficients of variation within samplings for the 
coefficient of humidity range from 27 percent to 37 percent (sampling 3) 
and the mean coefficient of humidity between samplings from 3.5 to 5.0. 
J Correlation coefficients between samplings range from 0. 6 to 0.9 Q 
(p < 0.001), the weakest correlations occurring between the( first fiv$ 
samplings. 1 I 
For the coefficient of humidity, two eigenvalues are of practical 
importance, accounting for 85 percent of the variance. 14 the firsk 
eigenvector (accounting for 78 percent of the variance), all f he element ? 
have the same sign, but those corresponding to the first two sqmplings are 
less than 0.75 times the largest element. This suggests that, although 
the first component values represent the relative wetness o the plots, 4 the first two samplings contribute less to the between-plot va iation tha h 
do the remaining 12 samplings. The first component values (Filure 4 )  sho r 
that the two very wet plots (24 and 27) have the greatest positive 
component values, while plot 28, which had the greatest firsit 
component value on OD basis, had a relatively lower value whqn corrected 
for loss-on-ignition. Apart from the two outliers, the form a morL 
compact group when moisture content is corrected for loss-on-i nition tha 
when it is expressed on an OD basis (Figure 3). 
i" I" 
I i 
The eigenvector for the second component (on LO1 basis) shows three lare 
positive elements (samplings 2, 3, and 5). Only plot 24 has Ln unusual15 
large (negative) second component value, and this plot had its lowest 
value for both original and standardized data on those samplings. TI? 
data for this plot follow the Linear trend noted in the moiskure contedt 
on OD basis, but the data for plot 28 do not show such an obvipus trend on 
LO1 basis as on OD basis. 1 
I Oxygen uptake: The coefficients of variation within sampling$ for oxygan 
uptake (OD basis) range from 45 percent to 67 percent (sampli* 2) and th/e 
mean oxygen uptakes between samplings range from 5.6 to 7.8 pl/g 
ODlhour. Correlation coefficients between samplings range fr m 0.19 (NS~) k 
to 0.78 (p < 0.001) and it is noticeable that data for Sam 
14 are least intercorrelated with those of other samplings. 
I I 
On an OD basis, three eigenvalues are of practical importance,, accounting 
for a total of 72 percent of the variance. In the eigenvedtor for tde 
first component (which accounts for 56 percent of the var ance), on&y t samplings 12 and 14 have elements which are less than 0.7 times tde 
largest (absolute) element. For the remaining samplingst the first 
component values represent the relative oxygen uptakes of the plots. 
However, samplings 12 and 14 have large (negative) weightings in the 
eigenvector for the second component which accounts for a further 
9 percent of the variance. The three greatest (absolute) second component 
values were for plots 25 (-3.48), 13 (3.27), and 4 (-2.96). Plots 25 and 
4 had their greatest oxygen uptakes at samplings 12 and 14, and these 
uptakes were the greatest for all plots on those samplings, on the basis 
of both original and standardized data. These large oxygen uptakes 
coincided with the greatest moisture contents of the two plots, but these 
were not the greatest moisture contents of all plots on those samplings. 
Plot 13 had low rates of oxygen uptake on samplings 12 and 14, that on 
sampling 14 being the lowest for this plot (original and standardized 
data), although these values did not coincide with notably small moisture 
contents. Thus, the second component has identified certain plots, which, 
for various reasons, behaved differently from the rest on samplings 12 and 
14. The first component values represent the relative oxygen uptakes of 
the plots, with low weightings for samplings 12 and 14. 
The eigenvector of the third component has large negative elements for 
samplings 9 and 2. The two largest (absolute) third component values are 
for plots 28 (-3.24) and 35 (2.88). Plot 28 had its greatest oxygen 
uptake on sampling 2, which coincided with the greatest moisture content 
for this plot. Plot 28 had its greatest standardized oxygen uptake at 
sampling 9, and this was the greatest value for all plots on that 
sampling. It coincides with the second largest moisture content on this 
plot, which was also the greatest value for all plots at that sampling. 
On both samplings 2 and 9, the oxygen uptake of plot 35 was small. 
The coefficients of variation within samplings for oxygen uptake (LO1 
basis) range from 27 percent to 37 percent, and the mean oxygen uptake 
between samplings from 19 to 25 ul/g LoI/hour. Correlation coefficients 
between samplings range from 0.08 (NS) to 0.71 (p < O.OOl), data for 
samplings 10 and 12 having noticeably low intercorrelations vith those for 
the other samplings. 
Four eigenvalues, accounting for a total of 72 percent of the variance, 
are of practical importance. In the first component, accounting for 44 
percent of the variance, only the eigenvector elements corresponding to 
samplings 10 and 12 are less than 0.75 times the greatest (absolute) 
value. Those samplings are also the only ones which have elements greater 
than 0.75 times the greatest (absolute) value in the second eigenvector. 
This is rather similar to the results obtained on OD basis, but with tqe 
emphasis on different samplings. The first component values 4 epresent t e 
't 
relative oxygen uptakes on a LO1 basis, with low weightings flor samplings 
10 and 12. The plot of the first and second component values (Figure !) 
is different from that for the data on OD basis, because of djfferences qn 
loss-on-ignition between sampling squares on certain plots. I I 
The second component accounts for a further 12 percent of thelvariance add 
the greatest (absolute) second component values are for ploqs 24 (4.64 , 
1 1 
17(-3.27) and 27(2.87). On sampling 10, plot 24 had its smdllest oxygen 
uptake (the second smallest value for all plots on that s 4 mpling), ahd 
greatest coefficient of humidity (greatest for all p14ts on that 
sampling). Plot 24 had its next smallest oxygen uptake (for 0th original 
and standardized data) on sampling 12, and this also corres 1 onded with a 
large coefficient of humidity (the second largest on that sambling). 1 
i 
Plot 27 had small (but not its smallest) oxygen uptakes on theee 
samplings, and these correspond to large values of coefficient of humidiky 
(the largest on sampling 12, the second largest on sampling lp). It seeps 
fairly clear that at these large values for coefficient of hyidity (9.59 
to 11.40) the soils are waterlogged and oxygen uptake is deprLssed. 1 
I I 
Plot 17 had its greatest oxygen uptake (original and standard zed data) on 1 
sampling LO, and this was the greatest oxygen uptake for all plots on that 
sampling. That plot had its slecond greatest oxygen uptake (&ing origi&l 
data, or third greatest for standardized data) on sampling 12. On bolth 
samplings, this plot had small (but not the smallest) values for relative 
humidity (3.99 and 5.08). I 1 
I I 
In the third eigenvector, the largest elements correspond t T 
and 14. Plot 47 has the largest (absolute) third co4ponent vadue 
(-3.191, and this plot had fairly large oxygen uptakes on saLplings 4 $nd 
14. This component accounts for a further 8 percent f the to a1 
variance. f' 9 
1 I 
In the fourth eigenvector, there is a contrast between samplqngs 12 and 14 
(positive) and sampling 7 (negative). The greatest (abs lute) fourth t component values are for plots 25 (2.85) and 7 (-2.54). P1 t 25 had dts 
maximum oxygen uptake on samplings 12 and 14, whereas plbt 7 had 4ts 
maximum on sampling 7 and its smallest values on samplings 1 
I 
Cellulase: On an OD basis some samplings, notably 1 and 4, show 
considerable variability, with coefficients of variation of 102 percent 
and 99 percent respectively. Sampling 10 has the smallest coefficient of 
variation, 60 percent. Mean cellulase activity ranges from 0.02 to 0.05 
mg glucose/g OD148 hours. Correlation coefficients between samplings 
range from -0.002 (NS) to 0.91 (p < O.OOl), samplings 1 to 3 showing low 
correlations with other samplings. Data for many of the samplings are 
highly correlated with only a few preceding or succeeding samplings. 
On an OD basis, three eigenvalues are of practical importance, accounting 
for a total of 73 percent of the variability. The first component 
accounts for 38 percent of the total variance. In the first eigenvector, 
all the elements are positive, but only those for samplings 4 to 12 are 
greater than 0.75 times the largest element. Together those elements 
account for 86 percent of the variability in the first component, as 
against 64 percent if all the vector elements were equal. The first 
component values represent the relative cellulase activities of the woods 
with low weightings for samplings 1 to 3, 13 and 14. 
The second component accounts for a further 24 percent of the total 
variance. In the eigenvector for the second component, there is a 
contrast between samplings 1, 4, and 5 on the one hand, and 11 to 14 on 
the other. The greatest positive second component value is for plot 37, 
and the greatest negative value is for plot 43. The data show that plot 
37 had high cellulase activities on samplings 1, 4, and 5 and low 
activities on samplings 11 to 14, while the reverse was true for plot 43. 
In the third component, which accounts for 10 percent of the variation, 
there is a contrast between samplings 2 and 3. Plot 6 has the greatest 
negative third component value, and plot 13 the greatest positive value. 
Plot 6 had low cellulase activity at sampling 2, and plot 13 had a high 
activity. At sampling 3 the positions were reversed. 
On a LO1 basis, samplings 13 and 14 show the greatest variability with 
coefficients of variation of 105 percent and 100 percent respectively. 
Sampling 6 has the smallest coefficient of variation, 62 percent. Mean 
cellulase activity ranges from 0.09 to 0.19 mg glucosefg LO1148 hours. 
Correlation coefficients between samplings range from -0.01 (NS) to 0.93 
(p C 0.001). As for the data on an OD basis, samplings 1 do 3 show 1Qw 




Three, possibly four, eigenvalues are of practical im~ortancje, the firkt 
three together accounting for 76 percent of the total va iance. F 'E' 
pattern of large eigenvector elements is different from that abtained fr m 
the data on OD basis. In the first component, which acdounts for is1 
percent of the total variance, samplings 5 to 14 have eigenve tor eleme ts F 4 
greater than 0.75 times the largest element. These sampling$ account for 
6! 92 percent of the variance in the first component, as againkt 71 perc nt 
I if the eigenvector elements were all equal. On both OD and I@I basis, qhe 
smallest elements of the first eigenvector are those corres nding to he 4" first three samplings. As with moisture content, the relat'ive positi 1 ns 
of the plots with respect to cellulase activity, as given bk their fidst 
component values, is different on OD basis and on LO1 basis. , I 
The second component accounts for a further 17 percent bf the todal 
variance. In the eigenvector for the second component, the largqst 
elements correspond to samplings 4, 5, and 7. Plot 43 has the great st 
I 
negative (and absolute) second component value (Figure 6), and that p ! ot 
had low values for cellulase activity (LO1 basis) on thbse samplidgs 
(Figure 6). Conversely, plot 26, with the next greatest (abgolute) sec nd 9 
component value (and greatest positive value) had laqge cellulase 
activities on those samplings. I 1 
I 
I I 
In the third component, accounting for 8 percent of the v riance, 7 positive eigenvector elements corresponding to samplings 1 and 2 la["
associated with high Levels of cellulase activity on ckrtain 
notably 24 and 9 in sampling 2, and 17 and 42 in sampliqg 1. 
I 
In rhe fourth component, accounting for nearly 7 percent of the varfance, a large 
negative eigenvector element for sampling 3 corresponds to a1 high level of 
cellulase activity at plots 48 and 27 on that sampling. 1 I 
I 
1 Phosphatase: The coefficients of variation within samplings Lor 
phosphatase (OD basis) range from 44 percent (sampling 6) 1to 82 percbnt 
(sampling 1) and the mean phosphatase activity is between 7 1 and 1222 ug P 
phenol/3 hoursfg OD. Correlation coefficients between samplings range 
from 0.14 (NS) to 0.84 (p < 0.001). 1 1 
The first three eigenvalues are of practical importance, together they 
account for 77 percent of the total variance. In the first component, 
which accounts for 59 percent of the variance, the eigenvector elements 
are all of the same sign, and only those corresponding to the first and 
last samplings are less than 0.75 times the greatest value. That is, the 
first component values represent the relative phosphatase activities of 
the plots, with low weightings for samplings 1 and 14. The greatest (both 
absolute and positive) first component values are for plots 13 and 28. 
The largest negative values are for plots 19 and 22. Plot 28 also has one 
of the two greatest (~ositive) first component values for loss-on- 
ignition, moisture contenr, respiration (OD basis), and cellulase activity 
(OD basis), while for each of those properties, plot 22 has one of the two 
lowest (i.e. most negative) first component values. 
The second component, which accounts for a further 10 percent of the total 
variance, has large eigenvector elements for samplings 1 and 4. The 
scatterplot of the component values shows that pLot 46 has an unusually 
large second component value, and this plot had large phosphatase 
activities (and also large loss-on-ignition and moisture content), on 
samplings 1 and 4. 
Component three, accounting for 8 percent of the variation, shows a 
contrast between samplings 1, 10,12, and 14 on the one hand, and 6, 7, 8, 
and 9 on the other. Plots 11 and 37 have fairly high phosphatase 
activities on samplings 10, 12, and 14, while plot 30 has low phosphatase 
activity on those samplings and high activity on samplings 6 to 9. 
On a LO1 basis, the coefficients of variation within samplings range from 
28 percent to 35 percent (sampling 3) and the mean phosphatase activity 
ranges from 2134 to 4862 IJ g phenol13 hours/ g LOI. Correlation 
coefficients between samplings range from 0.23 (NS) to 0.82 (p < 0.001). 
As with the data on an OD basis, three components are of practical 
importance, and together they account for 75 percent of the variance. In 
the first component, which accounts for 58 percent of the total variance, 
low weighting is again given to the first sampling, but in this case the 
other low weighting is for sampling 4. The first component values (Figure 
7) represent the relative phosphatase activities of the plots, with low 
weightings for samplings 1 and 4 (Figure 7). In the second component, 
which accounts for a further 9 percent of the total variance, there is a 
contrast between samplings 4 and 12. As on an OD basis, pl0 yc 46 has t?e 
largest second component value, and had high phosphatase activity dn 
sampling 4 and low activity on sampling 12. Plot 49 shbwed similqr 
behaviour, while plot 17 showed the reverse. In the third cgmponent, the 
only eigenvector element greater than 0.75 times the largedt (absolute) 
element was that corresponding to the first sampling. On qhat sampling 
some plots (e.g. 46) had high phosphatase activities, whilst others (e.k. 
42 and 47) had low activities. I I 
3.2 Correlations between the component values of the b ~ ,  loss-ofl- 
ignition, moisture content, oxygen uptake, cellulase and phosphatase data. 
The signs of component values are arbitrary, and so +e signs of 
coefficients of correlation between them are also arbitrary. ' In the caLe 
of our first component values, the signs are meaningful beca se the firat t' 
component values are in a similar order to the mean values fbr the plot L . 
Coefficients of correlation between the first component values will1 
therefore be of the same sign as those between the mean values. 
I I 
The significant linear correlations between the component yalues of the 
data on an OD basis (Table 12), are shown diagrammatically in ~ i ~ u r e  8 
with the signs omitted. i I 
The first components of loss-on-ignition, moisture conpent, oxy en gi 
uptake, cellulase, and phosphatase are significantly intercobrelated. 1t 
is interesting that of these, only the first component of cedlulase is dot 
significantly correlated with the first component of pH (r a -0.07). 
Cellulase component 2 is positively correlated with the firkt cornponeits 
of loss-on-ignition (r = 0.44), phosphatase (r = 0.56), xygen uptake 
(r = 0.49), and moisture content (r = 0.35). The first comp d nent of pH is 
negatively correlated with the first components of lo s on ignit'on 
- -  1 (r = -0.6L), phosphatase (r = -0.42), oxygen uptake (r -0.50), and 
moisture content (r = -0.46), and with cellulase components 2 (r = -0. 
and 4 (r = -0.29). qO) 
I i 
A subsidiary group of component correlations (Figure i 8) contains 
phosphatase components 2, 3 and 4, oxygen uptake componedts 2 and 3 ,  
cellulase component 3, and moisture content component 2. TFere are some 
significant intercorrelations in this group, and it is linkeh to the m a in 
group by a negative correlation between cellulase component 1 and oxy 
uptake component 3 (r - -0.43). 
On a LO1 basis, the correlations are rather different (Table 14 & Figure 
9), and the components fall into two distinct groups. The first 
phosphatase component is significantly correlated only with the first 
oxygen uptake component (r = 0.61). The second component of the 
coefficient of humidity is negatively correlated with the first components 
of respiration (r = -0.32) and pH (r = -0.45), and the third component of 
cellulase activity (r = -0.48). The first pH component is positively 
correlated with the first (r = 0.44), and negatively with the second 
(r = -0.32) and fourth (r = -0.29) components of cellulase activity. 
It is interesting that the first component of the coefficient of humidity 
is not significantly correlated with any of the other first components. 
It is positively correlated with the second (r - 0.64) and fourth 
(r = 0.31) components of oxygen uptake and negatively correlated with the 
fifth (r = -0.31). Oxygen uptake component 2 is positively correlated with 
phosphatase commponent 2 (r = 0.45) and negatively correlated with 
phosphatase component 4 (r = -0.30). Oxygen uptake component 3 is 
negatively correlated with phosphatase components 2 (r = -0.30) and 
4 (r = -0.43). 
3.3 Correlations between mean values (over 14 samplings) and first 
component values, and correlations among mean values, for pH, 
loss-on-ignition, moisture content, oxygen uptake, cellulase and 
phosphatase data. 
Correlations between means and first component values. 
The mean values on both OD basis and LO1 basis are given in Tables 1 to 
10. It is interesting to compare the means with the first component 
values in order to compare the ordering of the plots with respect to the 
properties measured (Table 11). All of the correlation coefficients are 
large (r > 0.950), and apart from cellulase on both OD and LO1 basis, all 
the correlation coefficients are equal to, or greater than, 0.995. For pH 
and loss-on-ignition, r = 1.000. 
Comparison of the tables of mean values and first component values shows 
that for pH the orders of the plots are the same. For loss-orignition, 9 
plots are in different positions. In the case of moisture content (OD 
basis) and coefficient of humidity, there are also a few plots which do 
not occupy the same positions in the tables of first component values and 
I I 
means of 14 samplings, but these involve only plots being tnterchanged 
within small blocks, no plot differs by more than a few places in thie 
comparison of the tables. With oxygen uptake (OD and MI basis) we find 
several plots in different positions, but also not displaped by maqy 
positions in the tables. These comparisons show that, except for pH and 
loss-on-ignition, large correlation coefficients do not guara tee that t e 
'I 
values and means of 14 samplings. The differences in thq orders 
9 orders of the plots will be the same on the basis of first compone t 
"1' greater for cellulase, and are related to the percentage if the tot 1 
variance accounted for by the first component (Table ll), whi h is only 8 P 
basis), and 51 percent for cellulase (LO1 basis). 
I percent for cellulase (OD basis), 44 percent for oxygen uptake (L I 
i I 
Correlations among the means 
I 
The correlations among the means (OD basis) are shown in 
are very similar to the correlations among the first 
(Figure 8). On a loss-on-ignition basis, only two corrplations are 
significant, oxygen uptake and phosphatase (r = 0.626, < 0.001) ahd 
cellulase and pH (r = 0.457, p < 0.01). This agrees with the correlations 
among the component values (Figure 9). I 1 
Tests for non-linearity were also carried out. In some case4 a quadratic 
equation gave a better fit but with little incre+se in r2. 
I I 
3.4 Principal component analysis of the pooled pH, losston-ignition, 
moisture content, oxygen uptake, cellulase and phosphatase fitst compone t 
values. P 
1 I 
If the first component values for the individual properties tepresent the 
order of the soils with respect to the overall levels of thos propertie , t 
and exclude the effects of those samplings on which some soils show lar e I 
deviations from the overall mean for the sampling, then a princip 
component analysis of these component values should provide i formation I 
the relative positions of the plots with respect to all t 
taken together, and they should do this more effectively 
values which are affected by sampling variation. 
I I 
OD basis: As was reported in Section 3.2, the first cbmponents of 
loss-on-ignition, moisture content, oxygen uptake, cedlulase, abd 
phosphatase are significantly positively intercorrelated, aqd all except 
I 
the first component of cellulase are significantly negatively correiated 
with the first component of pH (Table 12 h Figure 8). 
Only the first two eigenvalues are of practical importance, together they 
account for 83 percent of the total variance (Table 13). The first 
component, accounting for 68 percent of the total varaiance, is due 
chiefly to loss-on-ignition, oxygen uptake, phosphatase, and moisture 
content. The second component, which accounts for a further 16 percent of 
the total variance, is dominated by cellulase and pH, which together 
account for 99 percent of the variance in that component. The first and 
second components are plotted in Figure 11. 
The single linkage dendrogram showed that a single large group rapidly 
formed at low levels of distance, and grew to absorb all the points. This 
seems to be an example of "expanding balloon" type of clustering. There 
are no clear discontinuities. 
LO1 basis: As was reported in section 3.2, the only significant 
correlations between the first component values are between pH and 
cellulase (r = 0.439, p < 0.01) and between oxygen uptake and phosphatase 
(r 0.616, p < 0.001). (Table 14). 
The first three eigenvalues are of practical importance, together they 
account for 81 percent of the total variance (Table 15). The first 
component, accounting for 41 percent of the total variance, is essentially 
a combination of all the variables except coefficient of humidity. The 
second component, accounting for 22 percent of the total variance, 
contrasts oxygen uptake and phosphatase with coefficient of humidity, pH 
and cellulase. The third component, which accounts for a further 18 
percent of the total variance, is due chiefly to coefficient of humidity, 
which accounts for 70 percent of the variance in that component. The 
first and second components are plotted in Figure 12, the first and third 
in Figure 13. 
In the single linkage dendrogram, a large group soon formed and joined 
with a separate group of 5 plots (26, 43, 45, 44, 47) and then with the 
remaining points. This seems to be simply an example of the "expanding 
balloon" type of clustering, and there appear to be no important 
discontinuities. 
3.5 Principal component analysis of pH, loss-on-ignitionj moisture 
content, oxygen uptake, cellulase and phosphatase mean valves of 14 
samplings for each plot. 
I 
I 
If the mean values over 14 samplings approximately represent the relative 
positions of the plots, then a principal component analysis of ithese mean 
values should provide information on the relative positions of1 the plots 
with respect to all the properties considered together. 
I I 
OD basis: pH shows least variation, with a coefficient of variqtion of 17 
percent. The remaining variables all have very similar coefdicients of 1 
variation (41 percent to 48 percent). The lower half matrix 1 Of I 
correlation coefficients shows very highly significant (p < 0.001) 
positive intercorrelations between all variables except PH,( which is( 
negatively correlated with oxygen uptake, loss-on-ignition, a?d moisture 
content (p < 0.001), and phosphatase (p < 0.01)- pH shows a ldw negative1 
correlation coefficient with cellulase, which is not sign ficant at 
p<0.05 (cf Figure 10). 
t 
I I 
Only the first two components, accounting for 85 percent of the total 
variance, are of practical importance. The first componbnt, which 
accounts for 70 percent of the total variance, is do inated 
"t by I 
loss-on-ignition, oxygen uptake, phosphatase, and moisture cowtent. The 
second component, accounting for 15 percent of the total vdriance, is1 
dominated by pH and cellulase, which together account for 97 percent of 
the variance in that component. A plot of the first and secon I component1 
values was very similar to that obtained in Section 3.4 (Figule ll), and1 
is not given. 
I I 
LO1 basis: The lower half-matrix of correlation coefficients shows that 
I 
the only significant correlations are between oxygen jptake and' 
phosphatase (r = 0.626, p < O.OOl), and between pH and cellulase~ 
(r = 0.457, p<O.Ol). 
I I 
The first three components, accounting for 82 percent of the total 
variance, may be considered to be of practical importance. The first 
component, which accounts for 42 percent of the total valiance, is1 
essentially a combination of all the variables except coefficient of 
I i 
humidity, which has a low weighting. The second component, accounting for 
22 percent of the total variance, is mainly a contrast between coefficient 
of humidity and oxygen uptake, these two variables account for 56 percent 
of the variance in that component. The third component, accounting for 18 
percent of the total variance, is dominated by coefficient of humidity, 
which accounts for 64 percent of the variance in that component. Again 
plots of the component values were very similar to those obtained in 
section 3.4 (Figures 12 & 13), are not given. 
3.6 Principal component analysis of the pooled moisture content, oxygen 
uptake, cellulase and phosphatase first component values. 
OD basis: In section 3.4 the results are given for the physiological 
properties plus pH and loss-on-ignition. Here, we leave out pH and 
loss-on-ignition as they are soil factors which may influence the other 
properties and obscure relationships. The first component values of 
moisture content, oxygen uptake, cellulase, and phosphatase are all highly 
significantly positively intercorrelated. Only the first component has an 
eigenvalue greater than unity. It accounts for 72 percent of the total 
variance and is due chiefly to oxygen uptake, phosphatase, and moisture 
content. The second component accounts for 17 percent of the total 
variance (the first and second account for nearly 90 percent of the total 
variance), and is dominated by cellulase which accounts for 85 percent of 
the variance in that component. 
The single linkage dendrogram showed that at a low level of distance, 
three groups were formed consisting of 13, 14, and 14 plots, with 7 single 
outlying plots. These groups did not appear when the data were expressed 
on a LO1 basis. Comparison of the PCB output with the first components 
from which the correlation matrix was calculated suggested a strong 
relationship to moisture content. 
An analysis of variance and Tukey's Honestly Significant Difference test 
were carried out on these three groups for the first component values from 
this analysis (output), the individual first component values used to 
calculate the correlation half-matrix (inputs), and for comparison the 
first component values for pH and loss-on-ignition. The results were as 
follows: 
Groups ' 
1-2 1-3 12-3 
First component values (output) *** *** 
Moisture content first component values ** *** 
Oxygen uptake *** *** 
Cellulase NS NS 
Phosphatase " * *** 
PH NS NS 
LO1 ** *** 
I 
significant difference at p < 0.05 *, P < 0-01 **, P < O-Ool **lfS 
Within the groups, the ranges of values were: 
1 
First component values (output) 2.06 
0.98 
Moisture content lsc component values -0.40 
-3.93 
Oxygen uptake 1st component values -0.90 
-3.87 
Cellulase 1st component values 3.32 
-2.98 
Phosphatase 1st component values -1.38 
-4.02 
pB 1st component values 7.17 
-1.82 





rO-l4 0.16 -1.40 
4.84 5.01 
-2.98 -2.55 






10.75 I 7.21 
-4.06 !-4.30 I 1.76 6.27 
-2.57 
Although the ranges of the output component values do not overlap, the 
ranges of the input values, and the first component values of pH and 
loss-on-ignition, overlap to varying extents. Notably, the values for pH 
and cellulase show considerable overlaps, suggesting that they did not 
contribute much to the groupings of the output component values. The 
correlations between the output first component values and the inputs, and 
those of pH and loss-on-ignition, confirm this: 
Correlation between r 
Outpuc first component value and pH 0.450** 
" LO1 -0.901*** 
" Moisture input -0.872*** 
" 02 uptake input -0.927*** 
" Cellulase input -0.639*** 
" Phosphatase input -0.927*** 
The main contributors to the grouping of the first component values are 
phosphatase, oxygen uptake, and moisture content, which we have shown are 
themselves highly intercorrelated. 
LO1 basis: Only oxygen uptake and phosphatase are significantly correlated 
(r = 0.616, p < 0.001). The first three eigenvalues are of practical 
importance, together they account for 91 percent of the total variance. 
The first component, accounting for 44 percent of the total variance, is 
due mainly to phosphatase and oxygen uptake, which together account for 81 
percent of the variance in that component. The second component, 
accounting for 25 percent of the total variance, is due chiefly to the 
coefficient of humidity, which accounts for 81 percent of the variance in 
that component. The third component, accounting for a further 21 percent 
of the total variance, is dominated by cellulase, which accounts for 76 
percent of the variance in that component. 
The single linkage dendrogram showed that at an early stage a large group 
formed which gradually absorbed the remaining points at increasing levels 
of distance. This is another example of the "expanding balloon" type of 
clustering, and shows that there are no discontinuities. 
3.7 Analysis of variance of the p ~ ,  loss-on-ignition, moistJre content4 
oxygen uptake, cellulase and phosphatase data. I I 
The first component values of the variables (Section 3.1) give rankings oh 
the plots for the variables. Subsequent components illustra e different 7 
aspects of the between-sampling differences. Because the components arh 
orthogonal, the first component gives an overall ranking of plots with 
sampling differences removed, i.e. they represent "smoothed" between-plot 
differences. However, the PCA does not tell us if the between-plot 
differences illustrated by the first component values are sibnificant or 
not. I I 
A two-way analysis of variance was carried out on each set bf data, tye 
two factors being plots (48 levels) and sampling times 
Bartlett's test was highly significant between plots for all data excedt 
phosphatase. It was thought that this might be due, at leasb partly, qo 
non-normality. However,  chef f ;' s test for homogeneity o variances, 
.J which is relatively insensitive to departure from n~-lity,~also show d 
highly significant differences between plots. For most setb of data It 
was not possible to find a transformation which would fully stabilize the 
variances. However, two-way Anova is fairly robust to het d rogeneity df 
variances provided that there are no missing values. I I 
For each variable there were very highly significant differ a nces betwekn 
plots, and the differences between samplings were very highlj significa t f 
for all variables except pH, for which the differences wer significant 
only at the 5 percent level. 1 
I I 
The between-plots differences will be discussed in Sectqon 3.8, the 
between-sampling differences in Section 3.9. 1 1 
I I 
3.8 Differences between plots. 
I I 
The most obvious a priori difference is whether the plots areion limesto e P 
or acidic rocks. As the first component values represent the relatibe 
order of the plots with respect to the different variables hith samplibg 
differences removed, Table 16 gives the results of a one-way Anova of the 
first component values of limestone and norlimestone plot.. There are 
significant differences for loss-on-ignition and moisture Qontent on PD 
basis, but the difference for moisture content disappears wh 
I 
are expressed on a LO1 basis. However, on a LO1 basis there is a 
significant difference for cellulase. 
The meaning of these differences is difficult to interpret on the first 
component values, but it is easier if the analysis is performed on the 
means of the 14 samplings for each plot, which can be used as a first 
approximation to the first component values. This analysis (Table 17) 
shows that on an OD basis soils from plots on limestone have significantly 
lower loss-on-ignition and moisture content than those from the 
non-limestone plots. On a LO1 basis the only difference is that cellulase 
activity is greater on the limestone plots. 
However, the division into limestone and non-limestone plots is not very 
satisfactory, firstly because there are only 6 limestone plots and 42 
non-limestone plots and secondly (and ecologically more importantly) 
because these soils are developed on drift. Where the drift overlies 
limestone the surface soil properties depend on the depth to limestone, or 
whether or not the plot receives drainage from limestone. Five of the six 
limestone soils sampled have mean pH in the range 5.3 to 6.4, and two 
non-limestone soils have mean pH values in this range. One soil on 
limestone had a mean pH of only 4.4. A division on the basis of pH would 
appear to be more meaningful than one on the basis of underlying rock. 
Mainly on the basis of studies in northern England, Pearsall (1938, 1952) 
recognized the occurrence of ground flora communities which corresponded, 
in a general way, with soil biology and humus type: 
(1) Mull, on the more nearly base-saturated, often calcareous, soils with 
pH greater than 4.8 to 5.0. 
(2) Mor, on base-deficient ('hydrogen') soils with pH less than about 3-8  
to 4.0. 
( 3 )  Transitional soils within those limits. 
This suggests a basis for an initial division into acidic (pH < 3.8), 
intermediate (pH 3.8 to 5.0), and base-rich (pH > 5.0) soils. Tine means 
of the data grouped in this way are plotted in Figures 14 to 22. 
Table 18 gives the resulcs of a oneway Anova followed by Tukey's HSD 
of the first component values divided into groups on the basis df those pH 1 
values. On OD basis, loss-on-ignition, moisture content, 4nd oxygen 1 
uptake are similar in that the acidic soils are different frob those in 1 
either of the other groups, and those of the intermediate groyp are not 
different from those of the base-rich group. This appears to be due to 
I 
the relationship between oxygen uptake, moisture con ent, and 
loss-on-ignition, because on a LO1 basis there are no 1 ignificant' 
differences between the groups. Also, on a LO1 basis, for cedlulase the1 
acidic group is different from the base-rich group and Lo is the1 
intermediate group, but the acidic and intermediate groupb are not1 
significantly different. This result is nearly the same as tve divisionl 
into limestone and non-limestone soils. For phosphatase, the a idic group f I 
is significantly different from the intermediate group. However, the mean 
value of the basic group lies between those of the other two groups and is' 
1 not significantly different from either. Thus, there is a peak of' 
phosphatase activity in the range pH 3.8 to 5.0. 1 1 
I I 
A similar analysis on the means of the 14 samplings for each blot (Table1 
19) shows similar results except that on a LO1 basis for oxygel uptake th 7 
lowest mean is for the acidic group and the other two groups re similar P 
(Figure 18). For cellulase the greatest mean is for the base rich group r 
l 
and the other two groups are similar (Figure 2 0 ) ,  and for pho&hatase the 
largest mean is for the intermediate group (Figure 22) ,  againi there is 
peak of phosphatase activity in the range pH 3.8 to 5.0. 1 I 
1 I 
3.9 Differences between samplings. I I 
I I 
Differences between samplings were very highly significa t 4 for 
variables except pH, for which the differences were significant only at 
the 5 percent level. Although there is a significant differdnce betweei 
samplings for pH, the range of variation is generally small (Table 1)1 
The coefficients of variation for the plots between samplings tange from 2 
to 13 percent. i I 
I I 
There were very highly significant differences between sa plings fo r' f 
loss-on-ignition, the greatest mean values occurring in the cidic group 7 in the first 5 samplings, i.e. May to September (Figure 14). ThL 




percent (Table 2). There is little suggestion of any increase in 
Loss-on-ignition after litterfall (samplings 6, 7, and 8), and at sampling 
14 (Xay-June) the mean loss-on-ignition was lower than a year previously. 
The implication of the initial decrease in the acidic group is that 
different site conditions favoured decomposition of previously-accumulated 
organic matter. 
Moisture content (OD basis): Soils of the acidic group had their greatest 
moisture contents during the first two samplings. Soils of the other two 
groups showed a slight tendency for moisture content to increase with time 
(Figure 15). Coefficients of variation for the plots ranged from 8 
percent to 52 percent (Table 3). 
The coefficient of humidity (moisture content on a LO1 basis) of the 
acidic and intermediate groups showed similar variation in time, whereas 
that of the base-rich group showed a marked increase after sampling 5 
(Figure 16). Coefficients of variation of the plots ranged from 5 percent 
to 39 percent (Table 4 ) .  
Oxygen uptake (OD basis): Although there is some suggetion of a 
relationship with moisture content in samplings L to 6 (Kay to October) 
for the acidic group, there is little evidence of any relationship 
thereafter, except for the peak at sampling 12 (Warch to April, Figure 
17). Coefficients of variation for the plots ranged from 17 percent to 71 
percent (Table 5). 
Oxygen uptake (LO1 basis) varied markedly with time (Figure 18) and did 
not seem to be strongly related to coefficient of humidity. The 
coefficients of variation for the plots ranged from 13 percent to 68 
percent (Table 6). 
Cellulase (OD basis) showed considerable variation with time (Figure 19) 
that did not appear to be much related to moisture content. Coefficients 
of variation for the plots ranged from 28 percent to 98 percent (Table 7). 
Cellulase (LO1 basis) showed marked variation with time (Figure 20) which 
did not seem to be strongly related to coefficient of humidity. The 
coefficients of variation for the plots ranged from 28 percent to 92 
percent (Table 8). 
Phosphatase (OD basis) also showed considerable variation with tild 
(Figure 21). Harrison and Pearce (1979) found that whej the meaq 
phosphatase activities of the 48 plots at the 14 sampling times were 
plotted there were peaks at samplings 2, 4 and 5, 8 and 9. 1 Figure 2/ 
shows that the peak at sampling 2 was due to the acidic group/. The pea LF 
at sampling 4 was strongly influenced by the acidic group, nd that at 
sampling 5 by the intermediate group. All groups contributed I o the peak4 
at samplings 8 and 9, soils of the acidic group showing t e stronges 
'1 F 
peak. Coefficients of variation of the plots ranged from 20 percent to 76 
I 
percent (Table 9). 1 
I I 
Phosphatase (LO1 basis) showed less variation with time (Figure 22) than 
on OD basis. The peaks at samplings 2, 4, 8 and 9 in the dcidic groub 
(Figure 21) are much reduced, as is the peak at s a p i  5 in 
intermediate group. The coefficients of variation of the Plots range 
from 16 percent to 45 percent (Table 10). 1 1 
4. DISCUSSION 1 1 
This study has shown that the problem of comparing soils with respect do 
variables which show marked fluctuations in amplitude with time can 
overcome using principal component analysis. 
v= 
The firet component 
represents "smoothed" between-plot differences, the remainink componends 
pick out plots which behave differently from the majorityl at certa n 4 
times. This use of the lower components is interesting, as it poses 
questions concerning the reasons for this differential behavidur. I 
If there is relatively little seasonal variation in the prdperties, tde 
order of the mean values of the plots over the 14 samplings will not te 
substantially different from the first component values. The coefficien s 
of correlation between the means and first component values ( 1 able 11) a I e 
all large, the smallest being cellulase activity (r = 0.955). Perhaps t+e 
main advantage of principal component analysis is thy additional 




Principal component analysis and analysis of variance showed that there 
was little within-plot variation in pH and loss-on-ignition over the 14 
samplings. Our coefficients of variation are slightly larger than those 
of Ball and Williams (1968), who found that seasonal variation in pH and 
loss-on-ignition in two Welsh Brown Earths was small within the main 
growing season. 
An interesting result is the lack of clear clusters in any of the 
component scatterplots. The soil plots sampled formed a continuous series 
with respect to all the properties studied, and combinations of them, 
except for the two outling plots with respect to coefficient of humidity 
(Figure 4). This agrees with the results of Bauzon et a1 (1974), who 
applied correspondence analysis to C02 evolution, chemical properties, and 
enzyme activities of surface horizon samples from 5 French.forest soils. 
Their ordination chart showed that only calcic mull samples formed a 
distinct group, e~tro~hic'mull, mull-moder, and mor formed a continuous 
series. 
On an oven dry basis, the first components of loss-on-ignition, moisture 
content, oxygen uptake, cellulase and phosphatase are significantly 
intercorrelated. The pattern of correlations among the means is 
essentially the same as that among the first component values (Figures 8 
and 10). As the soil water-holding capacity is due chiefly to organic 
matter, and as soil organic matter is a substrate for soil organisms, it 
seems reasonable to suppose that these intercorrelations are strongly 
influenced by relationships of the individual properties to 
loss-on-ignition, and that these properties are better expressed on a LO1 
basis when soils of different loss-on-ignition are being compared. When 
this is done, the first phosphatase component is significantly correlated 
only with the first component of oxygen uptake. The first cellulase 
component is significantly correlated only with the first component of pH, 
and the first component of moisture content (coefficient of humidity) is 
not significantly correlated with any of the other first components 
(Figure 9). The correlations between the means of the 14 samplings agree 
with this. 
Coefficient of humidity appears to be a better measure of the relative 
wetness of soils than is moisture content on OD basis. The coefficient 
used here differs from that of Crump (1913) in that he used air dry soil 





significant correlation between phosphatase activity (LO1 basis) and pH is1 
dae to the non-linear nature of the relationships between 1 these two( 
variables, phosphatase having its greatest activity in thd range pH1 
3.8-5.0 (Table 19). Oxygen uptake shows some increase above pH 3.8 but1 
the spread of values  roba ably accounts for the lack of a isignificantl 
correlation. It is interesting that coefficient of humidity does not vary1 
significantly linearly with pH. There are significant differekes with pd 
on OD basis (Table 19), but this turns out to be due to th& differend 
otganic matter contents. The lack of significant correlatibns betweed 
coefficient of humidity and phoophatase activity, and between coef ficiend 
of humidity and oxygen uptake, is also interesting and is brolught out id 
the PCA of the means of the 14 samplings for the plots. Only coefficiend 
of humidity had a low weighting on the first component (~ablL 15). ~ o d  
dxygen uptake, the explanation seems to be that as long as the coefficient! 
of humidity is above some minimum threshold value and below alevel whicd 
would cause anaerobiosis, oxygen uptake is largely independent !of re~ativd 
ietnesss. Not much seems to be known about the factor4 affectink 
phosphatase activity. I 
I I 
I I 
As the coefficient of humidity was not widely adopted as a method for 
I 
expressing soil moisture content, nothing is known about its r 1ationshipL I I with other properties. Pyatetskiy (1976) gave a table of wilt ng moisture 
contents and ash contents of a range of peat soils. Coeifficients 
Of 
humidity calculated from those data are: eutrophic peafs 1.2-1.5 r 
mesotrophic peats 1.1-1.5, oligotrophic peats 1.3-2.5. Our lowest mea 
coefficient of humidity is 2.9 (Table 4), and this plot (17) Pid not hav 
P 
e 
the lowest oxygen uptake (LO1 basis). It seems unlikely lthat oxygep 
uptake in these soils was generally inhibited by too little moisturel, 
although seasonally it may have been inhibited by too much. 
I 
I I 
The PCA of the mean valules of the plots over the 14 samplings for all tqe 
properties (section 3.5) was not much different from tpat of tiy 
corresponding first component values (section 3.4), except (that in tqe 
second component the signs of the second and third eigenvecFor elemenqs 
were reversed. On a LO1 basis the PCA's were similar. For qome purposqs 
PCA is more useful because of the first component valuds represeqt 
"smoothed" between-plot differences which are independedt of larqe 
variations at particular sampLing times. The latter appear1 as separaqe 
components and are themselves of interest. However, for sobe purposeq, 
such as the partitioning of the sites into the three pH groubs, the me4n 
values are more appropriate. 1 I 
I I 
I I 
Interest in the role of micro-organisms in soil processes has led some 
workers to search for a method which will provide an "index" of 
"biological activity". Given the wide range of biochemical processes 
carried out by micro-organisms, differences in the capacities of 
micro-organisms to carry out those processes, and the number of factors 
influencing both, the idea that one single measurement would adequately 
represent the diversity of biochemical processes in soils would appear to 
be extraordinarily naive. 
On a LO1 basis, both first components and means of 14 smaplings for each 
plot show no significant correlations between phosphatase activity and 
cellulase activity. Phosphatase is significanatly correlated with oxygen 
uptake but cellulase is not. This means that any one of these activities 
cannot be taken as representative of the others. This conclusion is 
supported by the work of other authors. Studying enzymes extracted from 
coniferous leaf litter, Spalding (1977, 1980) found that cellulase 
activity was strongly correlated with mannase activity (r = 0.93), but 
less so with invertase (r = 0.33), 6 -glucosidase (r = 0.37) and 
polyphenoloxidase (r = 0.29). 
Frankenberger and Dick (1983) found that none of 11 enzyme activities 
D studied in A1 horizon samples was significantly correlated with C02 
evolution, but 10 of the enzyme activities were significantly correlated 
with oxygen uptake. None of the enzyme activities, or C02 evolution or 
oxygen uptake, was significantly correlated with soil pH, although several 
D were significantly correlated with soil C, and 4 were significantly 
correlated with total N. Only one enzyme (urease) was significantly 
correlated with CEC and none was significantly correlated with clay 
content. In soils collected under mixed broadleaves, Voets - et a1 (1975) 
found that phosphatase activity was not significantly correlated with 
saccharase, 8 - glucosidase, or urease activities. Some pairwise 
correlations of the other enzymes were significant, others were not. 
However, statistical significance of a correlation coefficient means only 
that it is not zero. A statistically significant correlation coefficient 
may be associated with only a weak relationship. Thus, in the work of 
Spalding cited above, r = 0.29 was significant, but r2 = 0.084 means that 
the bivariate relationship accounted for only a little over 8 percent of 
the variance, nothing to get excited about. 
Other papers with similar results are Hankin (1974) and Ladd and 




In controlled experiments on the growth of bacteria and fungi on a soil I 
with added glucose-sodium nitrate, Nannipieri et (1979) conduded that I 
no single measurement (C02 production, urease, phosphatase, ok protease I 
activities, amounts of amino acids and amino sugars) could de said to I 
represent "bioactivity". Peak CO2 evolution preceded those of1 the other 1 
criteria. Urease and phosphatase activities were significantlycorrelated~ 
with bacterial but not with fungal biomass. The other criterda were not1 
correlated with biomass. The authors concluded that for1 a better1 
understanding of the soil system, the use of only one or two driteria is1 
too simplistic (see also Nannipieri et a1 1978). I I 
-
I 
Furthermore, correlations between activities observed in one yAar may not' 
be found in another (Hersman & Temple 1979). I 
I 
None of the properties individually showed any tendency for the plots to 
fall into distinct groups. PCA's of the plot mean values, 04 the firs! 
component values, of all the properties taken together alsd failed td 
produce clear groups. However, using a priori groups based od 
- 
I I 
(1) pH < 3 .8 ,  (2) pH 3.8-5.0, (3) pH >5.0, significant differlences 
means could be demonstrated. On a LO1 basis oxygen uptake, c~llulase and 
phosphatase activities were all distributed differently among the groups 
(Table 191, emphasizing the futility of trying to use any one measure a I 




Variaton of the properties with sampling time can be lookeq at in twy 
ways. The graphs of the mean values of the soils divided qnto acidicl 
intermediate, and base-rich groups (Figures 14-22) shpw variou 
'f 
interesting features. Soils of the acidic group were wetter (coefficieny 
of humidity) than those of the other two groups after sampling 5, i.et 
from September to the following May. Oxygen uptake, ceplulase an+ 
phosphatase activities were not obviously related to relatqve wetness1 
Cellulase (LO1 basis) showed a peak at samplings 2 (June) and 6 to 8 
(October to January). It is reasonable to suppose that the later peab 
follows litter-fall and also, possibly, death of roots as( the mainlgr 
deciduous trees become dormant. Samplings 5 to 14 have largel elements oh 
the first eigenveccor, and account for 92 percent of the variance in thp 
first component, as against 71 percent if the eigenvector eiements werp 
all equal. Figure 20 shows a low cellulase activity at samplkng 12, thep 




The marked seasonal variation shown by phosphatase activity on OD basis 
becomes, on a LO1 basis, a slow increase to a maximum in January (Figure 
22). For soils with pH less than 3.8 there is also a peak at sampling 4 
(August ) . 
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Table 1.  pH, uean and coefflcieat of variation of 14 samplings ldr each plot.
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Table 5.  Oxygen uptake (u I /e oo/h),
sanpliogs for each plot.
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Table 10. Phosphatase acElvity ( ug phenot liberated/g Loll3h), rnean
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Table 16. Analysis of varlance of the flrst conponent values of plt, LOI,
rDoisture cootent, oxygen uptake, cellulase and Phosphatase (OD and
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Table 18.  Analys ls  of  var iance of
conten!, oxygen uptake,
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Table 19. Analysis of variance of
concent ,  oxygen uptake,
basis  ) .  p lo ts  d lv ided
14 sarnplings.
the plot rnean values for LOI,
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I'igure 1. Map shor-ing the
OSites on acid.ic rocks
of the 4B sa:npling sites.
on Carboniferous Li:nestone.
l-ocations







































Figure 3. First and. second conponent values of moisture content (Op tasis).































.! lgure o . First and second component vaLues for ce]-1u-l-ase acti























Figure 7. First and second. component values for Dhosphata.se (LoI basis).
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Figure 1I. First and second component values of the combined pH,
1os s-on-ignit ion, noistr.re content, oxygen uptake, ceJ-lulase
ard nh^enha+.ase f i rs t  comuonent  va lues (OD basis) .
io
I I
First and second comBonent values of the combined
moisture content (coefficient of hunidity) '

































Figure 13. !' irst and third cornponent values of the conbined pE,
moisture content  (coef f ic ient  of  hurn id i ty) ,
orygen uptalce, cellulase and phosphatase first component
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Appendix 3. Sequerce for sanpling the P l o r s .
Date Sarupling
Group
I'londay May 24Eh L97 L







This sanpling pattern was reDeated fo r  aech
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